Introduction
The development of suitable sorption materials, which are characterized by a high efficiency and selectivity for metal recovery from complicated solutions, has been a problem for many years. The complexing (chelating) sorbents are the most selective ones towards metal ions. [1] [2] [3] There are two conventional methods of synthesis of the complexing sorbents: the chemical grafting of functional groups to polymeric or mineral matrices and the non-covalent bonding of complex-forming reagents on various supports. Recently, the solid-phase extractants have found the widest application. [4] [5] [6] Chelating agents used for liquid-liquid extraction are applied as ligands for immobilization to the solid supports. The solid-phase extractants have been used for preconcentration of different elements, including the recovery from high acid solutions, for example, actinides, rare earth elements 7 and noble metals. 8 The solid-phase extractants are distinguished by fast kinetic properties, as well as by the simplicity of their preparation.
The use of ILs gives an opportunity to prepare novel solidphase extractants designed for sorption preconcentration of elements. Considerable attention to the use of ILs in different areas of chemistry is caused by their unique physicochemical properties: low melting points, ionic nature, good thermal stability, low flammability and others. Applications of ILs in different areas of analytical chemistry have been described in a number of recent reviews. [9] [10] [11] The ability of ILs to be retained on solid surfaces allows one to prepare sorption materials by means of immobilization of ILs on different matrices. 12 The present work demonstrates the possibility of preparation of solid-phase extractants using ILs and their application for trace metal preconcentration from high acid solutions. For these purposes the ILs of phosphonium type have been chosen because of their enhanced stability in aqueous media in comparison with imidazolium ILs. 13 The experimental data on preconcentration of actinides and noble metals by novel solid-phase extractants have been given.
Experimental

Reagents and chemicals
We used standard solutions of Pt(IV), Pd(II), and Au(III) (1 mg mL -1 in 1 M HCl) and nitric acid solutions of radiochemically pure radionuclides: 239 Pu, 233 U, and 152-154 Eu (1 -4 mg mL -1 in 3 M HNO3). Before preconcentration, the solutions were diluted with hydrochloric or nitric acid of corresponding concentrations prepared from conc. HCl and HNO3 of the chemically pure or high-purity grade.
The composition of ILs with trihexyltetradecylphosphonium cation and different anions from Cytec Industries Inc. (Canada) and their symbols in the text are given in Table 1 .
Various matrices were used as solid supports: polyacrilonitrile (PAN) in the form of thin disks (f1 cm) of non-woven fibrous material, macroporous polyacrilate resin Amberlite XAD-7, and hyper cross-linked polystyrene, as well as multi-walled carbon nanotubes.
Procedure
Before use, the matrices were washed with ethanol and dried at room temperature. To immobilize the ILs on the matrices, we prepared the mixtures of ILs and ethanol with IL concentration 0.01 -0.1 g mL -1 . These solutions (0.1 -0.5 mL) were added to the solid matrices (0.01 -0.15 g), which were kept in the closed vessels for 1 h. Then the vessels were opened and the materials were dried, washed with distilled water and dried again at room temperature for 24 h. The content of IL on the solid phase was calculated as weight of IL per 1 g of obtained extractant. To prepare the complexing solid-phase extractants with ligands, we dissolved 10 mg of reagent (2-mercaptobenzothiazole or carbamoylmethylphosphinoxide (Ph2Bu2CMPO)) with 10 ml of the mixture of IL and ethanol. Preconcentration of elements was carried out in the static mode under mechanical stirring of solutions with the solidphase extractants for contact times from 5 min to 24 h. The ratio of the volume of the solution to the mass of the extractant (V:m) was 100 -200 (m = 20 -50 mg). The concentration of elements before and after preconcentration was determined by spectrophotometry (platinum and palladium) or by radiometry (actinides).
Results and Discussion
The possibility to use the solid-phase extractants containing phosphonium ILs has been studied on the model noble metal and actinide preconcentration. As is known, the most selective preconcentration of these elements is usually performed from high acid solutions, in which they exist as anionic complexes. 14, 15 We have found that the solid-phase extractants prepared by keeping phosphonium ILs on the solid matrices are characterized by sufficient stability in hydrochloric and nitric acid solutions (1 -3 mol L -1 ). The prepared materials acquire the ability to extract corresponding anionic complexes of Pt(IV) and Pu(IV), whereas the supports without ILs do not sorb neither noble metals and actinides or only sorb slightly (less 15%). The conditions of solid-phase extractant preparation were determined. It was demonstrated that 0.2 -0.5 g of IL per 1 g of solid-phase extractant ensure complete extraction of Pt(IV) and Pu(IV) from the mentioned solutions.
The properties of solid-phase extractants essentially depend on anion and cation nature of ILs, as well as on the composition of the medium where they are used. 16 We have investigated the anion influence of phosphonium ILs on the solid phase extraction of Pt(IV) and Pu(IV) from acid solutions using PAN disks as the support. Experimental data on the dependence of the extraction degree of elements on the contact time are given in Figs. 1 and 2. As can be seen, the solid-phase extractants with [R3PR¢] + Cl -reveal the best kinetic properties both for Pt(IV) and Pu(IV) extraction. It was noted that extraction degree of platinum by extractant with [R3PR¢] + PF6 -does not exceed 25% even for a long contact time, while plutonium is completely extracted during 2 h. The difference of element extraction can be explained by different hydrophobicity of ILs with various anions, as well as by the different swelling abilities of the solid-phase extractants in the studied solutions.
Kinetic properties of the solid-phase extractants are also dependent on the nature of the matrix. We have found that the hyper cross-linked polystyrene resin ensures fast kinetics under Pt extraction from hydrochloric acid solutions, while in 3 M HNO3 solutions it does not swell and does not exract Pu(IV). Multi-walled carbon nanotubes and the Amberlite XAD-7 were found to be very promising matrices for preparation of solidphase extractants: Pt(IV) and Pu(IV) are completely extracted when [R3PR¢] + Cl -is used for modification.
It was also shown that the solid-phase extractants efficiently extract both Pt(IV) and Pd(II), as well as Au(III) from 1 -2 M HCl. The process makes possible the group preconcentration of platinum, palladium and gold.
Under these conditions, kinetically inert aqua-chlorocomplexes of Rh(III) are extracted too slowly. Preconcentration of Rh(III) is usually carried out by complexing sorbents under thermal heating for a long contact time. To ensure the extraction of rhodium, we prepared the solid-phase extractant containing a complexing reagent. For these purposes, 2-mercaptobenzothiazole was kept on the Amberlite XAD-7 using [R3PR¢] This fact was also demonstrated from the example of actinide preconcentration. The Ph2Bu2CMPO was kept on the solid phase to enhance the efficiency of actinide extraction. This ligand is used for liquid-liquid extraction of actinides and rare earth elements from nitric acid solutions. 17 Some examples of the use of solid-phase extractants PAN-IL and PAN-(IL + Ph2Bu2CMPO) for actinide extraction are given in Table 2 . As can be seen, the solid-phase extractants PAN-IL without the ligand completely extract only Pu(IV), whereas U(VI) is extracted slightly and Eu(III) is not extracted from 3 M HNO3 solutions. The retention of the Ph2Bu2CMPO using ILs ensures not only plutonium extraction, but both uranium and europium extractions. Such a result demonstrates that the obtained solid-phase extractants can be used for group preconcentration of actinides (as is known, the chemical behaviors of Eu(III) and trivalent actinides in solutions are similar). 18 It was also found that the elution of elements is possible and that repeated application of the materials can be carried out. Different complexing compounds can be used as eluents, for example, thiourea solutions, for noble metal elution. The most effective eluent for actinide desorption is oxyethylidenediphosphonic acid (2 mol L -1 ) in 0.1 M HNO3. Also some organic solvents can be used as eluents. In this case both IL and the elements are eluted.
Conclusions
It was shown that phosphonium-type ILs can be used for preparation of solid-phase extractants, which are characterized by fast kinetic properties and sufficient stability in nitric acid and hydrochloric acid solutions. The possibility of ligand retention on solid supports using ILs has also been revealed. The novel solid-phase extractants can be applied for preconcentration and separation of trace elements from high acid solutions. 
